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Abstract: [ Objective] Through cloning of genes related to Hsp70, and using VIGS to analyze Hsp70 expression and

morphological change of leaf lettuce under heat stress to lay a foundation for analysis of the response mechanism and molecular

mechanism of heat shock protein under heat stress. [Method] The full-length cDNA gene of LsHsp70-2711 gene was obtained by
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homologous cloning and RACE technology. By real-time fluorescence quantitative PCR (qQRT-PCR), the expression of the gene from
P-S11and G-S59 was analyzed. According to the VIGS technology, the pTRV-LsHsp702711 vector was constructed and transformed
into Agrobacterium GV1301. The leaves of lettuce were infected by the injection method. After three weeks, the positive plants were
identified by PCR. The gene expression and morphology were compared between the control group and positive group, and the
expression characteristics of LsHsp70-2711 were analyzed again after heat stress and drought treatment. [Result] The sequence
analysis indicated that the full-length cDNA was 2226 bp, the open reading frame was 2154 BP, encoding 718 amino acids, and its
homology compared with that of Arabidopsis (NP_187864.1), tomato (NP_001266213.1), Saussurea Medusa (AAB99745.1), and
other species. qRT-PCR results showed that the expression of the gene in the two cultivars was up-regulated, and the expression level
of heat resistant cultivars was significantly higher than the heat sensitive cultivar, and the gene expression of P-S11 was inhibited by
the increase of stress time, and the expression level of G-S59 was higher in the heat resistant variety. In heat resistant variety, the
maximum expression of LsHsp70-2711 appeared at 42°C, 60 min, and the maximum expression of heat sensitive variety reached at
37°C, 60 min. Prediction of subcellular localization showed that LsHsp70-2711 was mainly in the cytoplasm. The constructed vector
was used to invade the leaves of lettuce, and the positive plants were obtained after identification. LsHsp70-2711 expression
decreased after it was silenced by VIGS, compared with the control, the stem length of the positive plants was significantly increased.
After heat stress and drought treatment, the expression of LsHsp70-2711 was significantly lower than the control, and the influence
of high temperature treatment on LsHsp70-2711 was greater than drought stress.l Conclusion] LsHsp70-2711 gene belongs to Hsp70

gene family, and is related to the heat resistance in lettuce. The research results of the study will provide theoretical supports for the

analysis of function of high temperature in bolting of lettuce.
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Table 1 Primers used for cloning, construction of vector and
gene expression of LsHsp70-2711

S (537

GlE/EA S

Primer name Primer sequence (5'-3")

27-1F 5'-GAATGCCGTCGTCACTGTCC-3'

27-1R 5'-GAAGATTGAGAACCGCTTGTG-3'

27-2F 5'-GCCGGTGGTGTGATGACTGT-3'

27-2R 5'-CTAAGATGTATCAAGGTGCTGG-3'
27-5'GSP1 5'-GAACTCTTGAACGAAATGGTTGACC -3’
27-5"GSP2 5'-GTCGTTGAAGTAAGCAGGGACAGT -3’
27-3'GSP1 5'-TGATAAGGGGAGGTTGTCGAAG -3'
27-3'GSP2 5'-TTGGAGGATAAGTTGAAGGAG -3’
2711-Y F 5'-GACTTGTTGCTATTGGATGTCA-3'
2711-Y R 5'-TATCCCTCGTTCTTGTCCTTTC-3'
2711-VF 5'-GCTCTAGACGCTTTCTTCTACTGCTCAG-3'
2711-VR 5'-CGGGGTACCCTTGTCCTTTCCCCTTCG-3'
TRV F 5'-TTACAGGTTATTTGGGCTAG-3'

TRV R 5'-CCGGGTTCAATTCCTTATC-3'

Action 5'-GGAATGGGACAGAAGGAT-3'

Action 5'-CAGTCAGGAGAACAGGGT-3'

1.2.2 “ABEE Lslsp70-2711 A ¥ W ka  WF4;
ST NCBI _EHEATLHOR, i 5 HARAEY) HSP70 (¥ ]
P50 AT B ) R By B SR 5 v A
3% 54): 27-5'GSP1. 27-5' GSP2 Fl 27-3'GSP1.
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F IR DL P AR P AT S8 R Y s 94 C AL 1 2 min,
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min, KNI T G, L8k Mihd. % ‘G-S59°
FP-S117 PRAS S PIAS AU B o AN [ B ) A 2 g
LT LsHsp70-2711 SIS 5652 AT« AIABLT A
‘P-SI17 7E25°C PR RIETN 1, R 224t
HIER.
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Fig. 1

Phylogenetic tree of the deduced amino acid sequences of plant LsHsp70-2711
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2.5 LsHsp70-2711 BEEMRIED

iCycleriQTM [ &Il Hi (1) 4 Z 3£ K] 18S rRNA 11
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24 LsHsp70-2711 4£0F F 545 B A P-S11°
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Fig. 2 Expression analysis of LsHsp70-2711 of heat-sensitive
type P-S11
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B P-S117 Hr Rk SR Ty, (R Bl A T A B
N [ 147 S K 1T R L 56 T v I PR IR B 34 42 C Hid
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Ab PR IR B W v T R, I DR A 2 e il
MBS . LsHsp70-2711 ik &t (i KA HAE 37°C.
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FEAsE 37°C 1A vl e B 55 35 R B UK
3 O LsHsp70-2711 €W FH 5 i #4485

‘G-S59" HINRIELEF, 37CHILT, 30 min W
LsHsp70-2711 [FRIEHIEF| =, /& 15 min [ 13.5
f, 60 min [ 2.3 f%; 42°CHP T, 60 min K
LsHsp70-2711 ERIEGIA B f i, /& 30 min 1 1.7 1%,
120 min [1] 8 5. SXTHARLL, 75 37°CHI 42°C A%
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TR G, HRIAE LIy R s T, &
IEEAETE A P-S117 I ERIE KA LsHsp70-2711
FIE TR KME HIAE 42°C. 60 min.

450 B G-S5925C

400 | LsHsp70-2711 0O G-S59 37QC
@ G-S5942°C
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Fig. 3 Expression analysis of LsHsp70-2711 of heat-resistant
type G-S59
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8 1 A A, P RS RGEOE A 3R LsHsp70-2711 T 5815 e U ihad i Sh e #r 1491

76 ‘G-S597 Hfr 42°C bR RIS & LT LE 37°C R I
AbFEE, LIV AR P-ST1 LRI AR G-S59”
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Fig. 4 Detection of TRV virus in lettuce
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FEFRAG 10%. i A BFT 2 A HAR L, il b 2
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1 H .
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Fig. 5 Relative expression of LsHsp70-2711 in lettuce leaves
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Different small letters in the same treatment show significant difference
(P<0.05)

6 RF3. 4FRAMEBLEHARENEK
Fig. 6 Stem length of lettuce in third, fourth week and heat

stress

A: FEXHG B BTN, C: RAREK
A: Blank control; B: Negative control; C: Infected plant

7T REIFAREKRKE
Fig. 7 Stem of the infected leaf after three weeks

A: FEXHG B BITEN R, C: RGHEK
A: Blank control; B: Negative control; C: Infected plant

8 MAMB7 dREKKE
Fig. 8 Stem of heat stress after 7 days
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